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DETAILED ACTION 

Claim Objections 

1 . Claim 13 is objected to because of the following informalities: the limitation "tungsten, 
osmium, iridium, and palladium" in line 5 is repeated in line 6 and appears to be a typing error. 
Appropriate correction is required. 

Claim Rejections - 35 USC § 112 

2. The following is a quotation of the second paragraph of 35 U.S.C. 112: 

The specification shall conclude with one or more claims particularly pointing out and distinctly claiming the 
subject mailer which the applicant regards as his invention. 

3. Claims 1, 3-8, and 10-17 are rejected under 35 U.S.C. 1 12, second paragraph, as being 
indefinite for failing to particularly point out and distinctly claim the subject matter which 
applicant regards as the invention. 

4. Claim 1 recites the limitation "the channel" in line 5. There is insufficient antecedent 
basis for this limitation in the claim, since there is no mention of a channel in the previous 
content of claim 1 . 

5. Regarding claims 1 and 8, it is unclear what is meant by the limitation "or in a spacer via 
a group of the polymer surface" in lines 8-11. It is unclear what in this step necessarily results in 
the polymer-incorporated catalyst being supported on the inner wall of the channel. 

6. Claim 8 recites the limitation "the channel" in line 5. There is insufficient antecedent 
basis for this limitation in the claim, since there is no mention of a channel in the previous 
content of claim 8. 
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Claim Rejections - 35 USC § 103 

7. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in 
section 102 of this title, if the differences between the subject matter sought to be patented and the prior art are 
such that the subject matter as a whole would have been obvious at the time the invention was made to a person 
having ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the 
manner in which the invention was made. 

8. The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1, 148 USPQ 459 
(1966), that are applied for establishing a background for determining obviousness under 35 
U.S.C. 103(a) are summarized as follows: 

1 . Determining the scope and contents of the prior art. 

2. Ascertaining the differences between the prior art and the claims at issue. 

3. Resolving the level of ordinary skill in the pertinent art. 

4. Considering objective evidence present in the application indicating obviousness 
or nonobviousness. 

9. This application currently names joint inventors. In considering patentability of the 
claims under 35 U.S.C. 103(a), the examiner presumes that the subject matter of the various 
claims was commonly owned at the time any inventions covered therein were made absent any 
evidence to the contrary. Applicant is advised of the obligation under 37 CFR 1 .56 to point out 
the inventor and invention dates of each claim that was not commonly owned at the time a later 
invention was made in order for the examiner to consider the applicability of 35 U.S.C. 103(c) 
and potential 35 U.S.C. 102(e), (f) or (g) prior art under 35 U.S.C. 103(a). 

10. Claims 1-17 are rejected under 35 U.S.C. 103(a) as being unpatentable over Remy 
(U.S. Pub. No. 2005/0170142) in view of Harston et al (WO 99/22857) and in view of 
Akiyama et al ("The Polymer Incarcerated Method for the Preparation of Highly Active 
Heterogeneous Palladium Catalysts"). 
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1 1 . Regarding claim 1 , Remy discloses a method of catalytic reaction using a microreactor 
(page 5, paragraph 0045), which comprises: 

- using a microcreactor with a metal catalyst as a solid phase supported on the inner wall of 
the channel (page 2, paragraph 0027), in which the catalyst is supported on the inner wall 
of the microchannel by strong binding between the coatings and materials used to 
fabricate the microchannel walls (i.e. metal and silicon) (page 3, paragraph 0028); 

- passing one or more reactants through an inlet port, allowing for the reactants to interact 
with the catalyst impregnated layer on the microchannel wall (page 5, paragraph 0045). 

12. Remy further discloses that the microreactor is useful for gas-liquid reactions; therefore, 
the embodiment disclosed above encompasses passing both liquid and gas reactants through the 
microchannel (page 1, paragraph 0008). Therefore, the result is a solid-liquid-gas phase reaction 
accelerated by the solid metal catalyst. Remy explains that packed bed microreactors, or 
microreactors packed with a solid catalyst, have the adverse effect of a substantial pressure drop 
created within the microreactor (page 1, paragraph 0009). As such, coating the microchannel 
walls with the catalyst attempts to overcome this shortcoming (page 1 , paragraph 0010). Remy 
discloses that strong bindng of the catalyst on the microchannel wall results in an active catalyst 
which is substantially uniformly distributed throughout the coating to achieve optimal 
effectiveness for the particular reactant stream and/or reactant combination being processed 
(page 3, paragraphs 0028-0029). 

1 3 . Remy does not expressly disclose: 

- passing the gas at the center part of the channel; 
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- passing the liquid phase reactant between the gas and the catalyst supported on the inner 
wall of the channel. 

14. Further, Remy does not expressly disclose that the metal or metal complex catalyst is 
incorporated in a polymer. Nor does Remy expressly disclose that the catalyst incorporated in a 
polymer is supported on the inner wall of the channel by covalent bonding of a group provided 
on the inner wall of the channel or in a spacer via a group on the polymer surface. 

15. Harston discloses a method of catalytic reaction using a microreactor which comprises 
passing a gas at the center part of the channel and passing a solution as a liquid phase in which a 
reactant is dissolved (organic compounds) between the gas and catalyst supported on the inner 
wall of the channel (page 6, lines 5-6 and Fig. 2). 

16. Akiyama teaches a method for incorporating palladium catalysts in a polymer, which 
creates recoverable, reusable, and highly active heterogeneous palladium catalysts for 
hydrogenation, carbon-carbon, and carbon-oxygen bond forming reactions (page 3412, 
paragraph 1). Akiyama further teaches that immobilization of palladium catalysts onto inorganic 
supports is possible, but can cause a serious problem of leaching of the catalysts during and/or 
after reactions (page 3412, paragraph 1). 

17. It would have been obvious to a person of ordinary skill in the art at the time the 
invention was made to modify the process as disclosed by Remy by passing the gas down the 
center of the microchannel and passing the liquid between the gas and the catalytic walls of the 
microchannel. One having ordinary skill in the art would have been motivated to do this because 
Harston teaches that operating a catalytic reaction in a microreactor in this way is effective in 
accelerating a reaction between liquid and gas reactants. 
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18. It further would have been obvious to a person of ordinary skill in the art at the time the 
invention was made to modify the process as disclosed by Remy such that the catalyst supported 
on the microchannel wall is a catalyst incorporated in a polymer. One having ordinary skill in 
the art would have been motivated to do this because Remy emphasizes the importance of 
immobilizing a catalyst on the microreactor wall instead of packing the catalyst in the channel 
and Akiyama teaches that using a polymer to immobilize the catalyst is an effective way to 
maintain the catalytic activity and prevent leaching of an immobilized catalyst. 

19. Regarding claim 3, Remy teaches using a catalyst from group VIII A of the Periodic 
Table, which encompasses using Palladium as the catalyst (page 5, paragraph 0046). 

20. Regarding claim 4, Remy teaches using a catalyst from groups IVA, VA, VIA, VIIA and 
VIIIA of The Periodic Table, which encompasses the claimed catalysts (page 5, paragraph 0046). 

21 . Regarding claims 5 and 6, Remy discloses using a catalyst which includes at least the 
precious metal catalyst of group VIIIA, as well as transition metals from groups IVA, VA, VIA, 
VIIA and VIIIA thereof of The Periodic Table (page 5, paragraph 0046). Therefore, the 
combination of metals in the catalyst constitutes a metal complex catalyst. Further, the disclosed 
metal groups encompass the claimed metal complexes. 

22. Regarding claim 7, Remy discloses that the microreactor is useful for gas-liquid 
reactions, but fails to expressly disclose that the gas phase consists of hydrogen or carbon 
monoxide. 

23. Harston discloses carrying out hydrogenation reactions in the microreactor, in which an 
organic liquid is contacted with a flow of hydrogen gas (page 6, lines 24-26). 
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24. It would have been obvious to a person of ordinary skill in the art at the time the 
invention was made to modify the catalytic reaction method as disclosed by Remy by passing 
hydrogen through the microreactor as the gas phase. One having ordinary skill in the art would 
have been motivated to do this because Harston teaches that passing hydrogen through the 
microreactor is effective in catalytic hydrogenation reactions. 

25. Regarding claim 8, Remy discloses a method of catalytic reaction using a microreactor 
(page 5, paragraph 0045), which comprises: 

- using a microcreactor with a metal catalyst as a solid phase supported on the inner wall of 
the channel (page 2, paragraph 0027), in which the catalyst is supported on the inner wall 
of the microchanncl by strong binding between the coatings and materials used to 
fabricate the microchannel walls (i.e. metal and silicon) (page 3, paragraph 0028); 

- passing one or more reactants through an inlet port, allowing for the reactants to interact 
with the catalyst impregnated layer on the microchannel wall (page 5, paragraph 0045). 

26. Remy further discloses that the microreactor is useful for gas-liquid reactions; therefore, 
the embodiment disclosed above encompasses passing both liquid and gas reactants through the 
microchannel (page 1, paragraph 0008). Therefore, the result is a solid-liquid-gas phase reaction 
accelerated by the solid metal catalyst. Remy explains that packed bed microreactors, or 
microreactors packed with a solid catalyst, have the adverse effect of a substantial pressure drop 
created within the microreactor (page 1 , paragraph 0009). As such, coating the microchannel 
walls with the catalyst attempts to overcome this shortcoming (page 1, paragraph 0010). Remy 
discloses that strong bindng of the catalyst on the microchannel wall results in an active catalyst 
which is substantially uniformly distributed throughout the coating to achieve optimal 
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effectiveness for the particular reactant stream and/or reactant combination being processed 
(page 3, paragraphs 0028-0029). 

27. Remy does not expressly disclose: 

- passing the gas at the center part of the channel; 

- passing the liquid phase reactant between the gas and the catalyst supported on the inner 
wall of the channel. 

28. Further, Remy does not expressly disclose that the gas is hydrogen or that the metal or 
metal complex catalyst is incorporated in a polymer. Nor docs Remy expressly disclose that the 
catalyst incorporated in a polymer is supported on the inner wall of the channel by covalent 
bonding of a group provided on the inner wall of the channel or in a spacer via a group on the 
polymer surface. 

29. Harston discloses a method of catalytic reaction using a microreactor which comprises 
passing a gas at the center part of the channel and passing a solution as a liquid phase in which a 
reactant is dissolved (organic compounds) between the gas and catalyst supported on the inner 
wall of the channel (page 6, lines 5-6 and Fig. 2). Harston further discloses carrying out 
hydrogenation reactions in the microreactor, in which an organic liquid is contacted with a flow 
of hydrogen gas (page 6, lines 24-26). 

30. Akiyama teaches a method for incorporating palladium catalysts in a polymer, which 
creates recoverable, reusable, and highly active heterogeneous palladium catalysts for 
hydrogenation, carbon-carbon, and carbon-oxygen bond forming reactions (page 3412, 
paragraph 1). Akiyama further teaches that immobilization of palladium catalysts onto inorganic 
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supports is possible, but can cause a serious problem of leaching of the catalysts during and/or 
after reactions (page 3412, paragraph 1). 

31. It would have been obvious to a person of ordinary skill in the art at the time the 
invention was made to modify the process as disclosed by Remy by passing hydrogen gas down 
the center of the microchannel and passing the liquid between the hydrogen gas and the catalytic 
walls of the microchannel. One having ordinary skill in the art would have been motivated to do 
this because Harston teaches that operating a catalytic reaction in a microreactor in this way is 
effective in accelerating a reaction between liquid and hydrogen gas reactants, such as in 
hydrogenation reactions. 

32. It further would have been obvious to a person of ordinary skill in the art at the time the 
invention was made to modify the process as disclosed by Remy such that the catalyst supported 
on the microchannel wall is a catalyst incorporated in a polymer. One having ordinary skill in 
the art would have been motivated to do this because Remy emphasizes the importance of 
immobilizing a catalyst on the microreactor wall instead of packing the catalyst in the channel 
and Akiyama teaches that using a polymer to immobilize the catalyst is an effective way to 
maintain the catalytic activity and prevent leaching of an immobilized catalyst. 

33. Regarding claim 10, Remy teaches using a catalyst from group VIIIA of the Periodic 
Table, which encompasses using Palladium as the catalyst (page 5, paragraph 0046). 

34. Regarding claim 11, Remy teaches using a catalyst from groups IVA, VA, VIA, VIIA 
and VIIIA of The Periodic Table, which encompasses the claimed catalysts (page 5, paragraph 
0046). 
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35. Regarding claims 12 and 13, Remy discloses using a catalyst which includes at least the 
precious metal catalyst of group VIIIA, as well as transition metals from groups IVA, VA, VIA, 
VIIA and VIIIA thereof of The Periodic Table (page 5, paragraph 0046). Therefore, the 
combination of metals in the catalyst constitutes a metal complex catalyst. Further, the disclosed 
metal groups encompass the claimed metal complexes. 

36. Claims 14-17 are rejected under 35 U.S.C. 103(a) as being unpatentable over Remy 
(U.S. Pub. No. 2005/0170142) in view of Harston et al (WO 99/22857) and in view of 
Akiyama et al ("The Polymer Incarcerated Method for the Preparation of Highly Active 
Heterogeneous Palladium Catalysts"), and further in view of Kobayashi et al ("A 
Microfluidic Device for Conducting Gas-Liquid-Solid Hydrogenation Reactions"). 

37. Remy in view of Harston and in view of Akiyama is relied upon as set forth above in the 
rejection of claims 1 and 8. 

38. Regarding claims 14 and 16, Remy in view of Akiyama and in view of Harston does not 
expressly disclose that the surface of the inner wall of the channel has silanol groups and that the 
spacer is covalently bonded with the silanol group by Si — O — Si bonds. 

39. Kobayashi teaches immobilizing an active Pd catalyst on the wall of a microreactor 
channel by incorporating the catalyst in a polymer and binding the polymer incorporated catalyst 
to the microchannel wall (page 1306, paragraph 2). The inner wall of the microchannel has 
silanol groups which forms covalent Si — O — Si bonds with a spacer (Fig. 2). 

40. Regarding claims 15 and 17, Akiyama teaches that the polymer surface contains epoxide 
groups (Fig. 1). However, Remy in view of Akiyama and in view of Harston does not expressly 
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disclose a spacer which is modified with a functional group that is bondable with an epoxide 
group. 

41 . Kobayashi further teaches that the polymer surface contains epoxide groups which are 
bondable with a functional group on the spacer (Fig. 2). Kobayashi explains that this 
embodiment of the immobilized catalyst increased the interfacial area between the liquid and the 
gas and the solid, providing an efficient environment for hydrogenation (page 1307, paragraph 
1). 

42. It would have been obvious to a person of ordinary skill in the art at the time the 
invention was made to modify the catalytic reaction method as disclosed by Rcmy in view of 
Harston and in view of Akiyama by modifying the microchannel wall to include silanol groups 
so as to form covalent bonds with a spacer. It further would have been obvious to modify the 
spacer such that it is bondable with epoxide groups on the polymer incorporated catalyst. One 
having ordinary skill in the art would have been motivated to do this because Kobayashi teaches 
that it is effective in immobilizing the polymer-incorporated catalyst on the wall of the 
microchannel, thereby improving conditions for catalytic reactions carried out in the 
microreactor. 

Conclusion 

43. Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to RENEE ROBINSON whose telephone number is (571)270-7371. 
The examiner can normally be reached on Monday through Thursday 7:30-5:00. 
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44. If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Michael Lavilla can be reached on (571)272-1539. The fax phone number for the 
organization where this application or proceeding is assigned is 571-273-8300. 

45 . Information regarding the status of an application may be obtained from the Patent 
Application Information Retrieval (PAIR) system. Status information for published applications 
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 
applications is available through Private PAIR only. For more information about the PAIR 
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would 
like assistance from a USPTO Customer Service Representative or access to the automated 
information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 



/RENEE ROBINSON/ /Alicia Chevalier/ 

Examiner, Art Unit 4132 Primary Examiner, Art Unit 1 794 

5 November 2008 



